IT is a well-known fact that the endogenous respiration of tumour slices is hardly, if at all, stimulated in the presence of glucose; in many cases even an inhibition of the oxygen consumption has been observed (Crabtree effect; Crabtree, 1929) . The latter effect is especially pronounced in ascites tumour cells (Kun, Talalay and Williams-Ashman, 1951; Racker, 1956) .
Following the early studies of Dickens and Simer (1930) on the respiratory quotients of tumours, it has become increasingly clear in recent years that fatty acid oxidation constitutes an important metabolic pathway in tumours. Thus, slices of solid tumours (Chapman, Brown, Chaikoff, Dauben and Fanash, 1954) and isolated tumour mitochondria (Emmelot and Bos, 1955a , 1955b Emmelot, Bos, Brombacher and Hampe, 1959) have been found to oxidize added fatty acids, whereas solid and ascites tumours labelled in vivo with 14C-palmitate, have been reported to liberate 14C-carbon dioxide in appreciable quantity on incubation in vitro (Medes, Paden and Weinhouse, 1957) . The respiratory quotients of ascites tumour incubated in the absence of oxidizable substrate is also indicative of the fact that fatty acid oxidation takes place (Slechta, Jakubovic and Sorm, 1955) and the shift in RQ to unity, observed after addition of carbohydrate, suggests that the latter may replace the endogenous fatty acids in the terminal oxidations. Accordingly, in describing the Crabtree effect both the fatty acid oxidation cycle and the citric acid cycle (including the pyruvic dehydrogenase) should be taken into account. In a previous paper (Emmelot and van Vals, 1957 ) the effect of a high concentration of glucose on the oxidation of various 14C-labelled substrates by ascites tumour cells has been reported. In the present investigation these experiments have been extended to include the effect of various glucose concentrations on the oxidation of acetate, butyrate, leucine and glutamate labelled with 14C in carbon atom number one. The oxidation of glucose carbon has been traced by using uniformly 14C-labelled glucose. Valuable information bearing on the oxidations of endogenous fatty acids and glucose has been published in the meantime by Bloch-Frankenthal and Weinhouse (1957) and Medes and Weinhouse (1958) , who showed that the endogenous fatty acid oxidation was progressively decreased and that glucose carbon appeared in increasing amounts in the respiratory CO2 when incubation was carried out in the presence of increasing concentrations of glucose. In the experiments of the latter authors the Crabtree effect was mainly exerted on the endogenous respiration. In most of our experiments the glucose carbon replaced the endogenous carbon much to the same extent, regardless of the amount of glucose present. Since DNP completely abolishes the Crabtree effect (Emmelot and Bos, 1959) it was also investigated whether the extra carbon dioxide produced under the latter condition was derived from endogenous substrate or from the added glucose.
MATERIALS AND METHODS
The S3A ascites mammary carcinoma was maintained by serial transfer in F1(A x C3H) mice. The cells were harvested 7-8 days after inoculation. The suspension was diluted with the same volume of physiological saline. Since the suspension contained in most cases few erythrocytes, one low-speed centrifugation in the cold sufficed to obtain a colourless pellet.
The experiments were carried out in Krebs-Ringer phosphate buffer, containing 0.01, 0.02 or 0.03 M phosphate, at 37°C; 5-6 ml. buffer and 200-300 mg. wet weight of cells were used. The gas phase was 100 per cent oxygen; the duration of experiments as indicated; the respiratory carbon dioxide was collected as mentioned previously (Emmelot and Bosch, 1955 Vals, 1957) . A typical experiment is listed in Table I butyrate had been oxidized in the presence of glucose first by the fatty acid oxidation cycle to 2 molecules of " acetate ". The fall in the SA of the CO2 from [1-14C] butyrate therefore suggests that the fatty acid oxidation cycle was inhibited in the presence of glucose. The inhibition of the oxidation of added butyrate, like that of the endogenous fatty acids (Medes and Weinhouse, 1958 ) occurs already at low glucose concentrations which do not give rise to the Crabtree effect. This phenomenon may be due to a competition between the pyruvic dehydrogenase and the enzymes of the fatty acid oxidative cycle for diphosphopyridine nucleotide and coenzyme A.
Since glucose carbon also contributes to the respiratory CO2 it was of interest to measure the conversion of [U-14C] glucose to 14C02. The oxidation of [U-14C] glucose The production of 14CO2 from various concentrations of [U-14C] glucose by the ascites cells was studied under the same conditions as mentioned above. No essential differences were observed in the results of experiments carried out in the 0.01 or 0.02 M phosphate buffer. At low glucose concentrations which did not depress the carbon dioxide production below the endogenous level, glucose carbon (l4C-glucose -+ 14C-pyruvate -l 14C-acetyl-CoA and 14C-oxalacetate) appeared in the respiratory carbon dioxide to a marked extent (Table II) . At higher glucose concentrations the production of carbon dioxide decreased but the RSA of the C02 increased, so that the microatoms of glucose converted to carbon dioxide remained of the same order. Thus, under the present conditions the oxidation of glucose was almost independent of its concentration. The Crabtree effect was mainly exerted upon the oxidation of endogenous metabolites (compare also Medes and Weinhouse, 1958) . Experiment 2 of Table II illustrates this particularly well; most of our results were, however, more like that illustrated in the first experiment of Table II. It is evident, then, that the oxidation of carbohydrate cannot substitute for the depressed oxidation of endogenous substrate, i.e. the amount of acetyl groups derived from excess glucose and endogenous metabolites and oxidized to C02, is smaller than that derived from endogenous metabolites in the absence of glucose.
It must therefore be concluded that the Krebs cycle enzymes and the pyruvic dehydrogenase are inhibited in the presence of excess glucose. That glucose does not inhibit the oxidation of [1-14C] acetate may be due to the fact that glycolytic ATP actually increases the conversion of acetate to acetyl-coenzyme A; this may explain the rise in the specific activity in the carbon dioxide observed in the presence of glucose. Butyrate activation might be likewise enhanced but in that case its oxidation to 2 molecules of acetyl-coenzyme A would require extra ADP and Pi, which may be considered as the factor limiting the oxidative response in the presence of excess glucose (apart from the possibility of competition between coenzymes as mentioned above). The effect of 2:4-dinitrophenol on the oxidation of [1-14C] acetate in the absence and presence of glucose [1-14C] Acetate must be converted to acetyl-CoA before it can be oxidized by the ascites cells. This conversion is dependent upon ATP and, in the absence of carbohydrate, exclusively upon mitochondrial ATP. Since DNP abolishes the mitochondrial ATP synthesis, it may be expected that the uncoupling agent will inhibit acetate metabolism. 5 X 10-5 M DNP markedly inhibited the incorporation of 14C from radioacetate into the respiratory carbon dioxide of two ascites tumours (Table III) incubated for 150 minutes. The finding that the labelling of the proteins and the fatty acids was also markedly impaired favours the assumption that the formation of acetyl-CoA was blocked in the presence of DNP When the incubation was carried out under different conditions (Table IV) Emmelot and Bos, 1959) . In view of the fact that the ascites cells oxidize both endogenous and glucose carbon, it was of interest to know whether DNP stimulated the oxidation of the endogenous substrate-fatty acids, according to Medes and Weinhouse (1958)- or that of the added carbohydrate.
The effect of DNP was studied on cells incubated in the presence of such a concentration of [U-14C] glucose that the respiration and carbon dioxide production were markedly depressed. In view of an inhibitory effect of DNP which may develop as a result of the pH change of medium following the increased aerobic glycolysis (Emmelot and Bos, 1959) short periods of incubation, relatively small amounts of cells and a 0.02 M phosphate buffer were used. The marked rise in the RSA of the respiratory carbon dioxide observed in the presence of DNP (Table V) indicates that primarily the oxidations which converted the glucosederived pyruvate to carbon dioxide were enhanced. Simple calculation showed that the extra carbon dioxide evolved in the presence of DNP is mainly or completely derived from glucose carbon (e.g. in the first experiment of Table V: in the presence of 10-4 M DNP 17.5-10 7.5 /j atoms C extra converted to CO2 of which 7.9-1.2 6.7 It atoms were derived from glucose-C). The reason for the failure to stimulate the oxidation of endogenous substrates in the presence of DNP and excess glucose is not necessarily due to an inhibition of the fatty acid oxidation cycle by DNP but may be due to a competition for coenzymes (diphosphopyridine nucleotide, coenzyme A), as discussed above.
The effect of glucose and 2:4-dinitrophenol on the oxidation of [1-14C] It has been reported earlier (Emmelot and van Vals, 1957) per cent in the absence of glucose; these effects were primarily due to changes in the SA but not in the amount of the CO2 produced. These results show that DNP may affect the oxidation of the two amino acids differently.
SUMMARY
A study of the oxidation of acetate, butyrate, leucine and glutamate, all labelled with 14C in carbon atom number one, to respiratory carbon dioxide by the S3A ascites mammary carcinoma in the absence and presence of glucose and/or DNP, and of the oxidation of various concentrations of [U-14C] glucose in the presence and absence of DNP, has shown the following results: the fatty acid oxidation cycle is impaired but the oxidation of acetate is not impaired by the presence of glucose; glycolytic ATP may substitute for mitochondrial ATP in the acetate-activating reaction; only a fixed amount of glucose is oxidized by the ascites cells under the present experimental conditions, regardless of the concentration of glucose; the extra C02 which is produced in the presence of DNP and excess glucose is mainly or exclusively derived from glucose; leucine and glutamate oxidation are affected differently both by DNP and by changes in the pH of the medium.
